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CURRENT DIVIDER BASED VOLTAGL
CONTROLLED GAIN AMPLIFIER

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE

This application claims priority to U.S. Provisional Appli-
cation No. 61/834,672, filed Jun. 13, 2013, which 1s incorpo-
rated herein by reference 1n 1ts entirety.

FIELD OF DISCLOSUR.

L1l

The present disclosure relates generally to amplifiers and
more specifically to radio frequency (RF) amplifiers utilizing
current division and conversion between RF current and RF
power.

BACKGROUND

RF amplifiers are often implemented in various applica-
tions which require manipulation of an RF 1nput power level
to provide a desired RF output power level over arange of RF
input power levels. Although termed “amplifiers,” such
devices generally provide both RF mnput power attenuation as
well as amplification, with the resulting proportionality
between the input power and the output power referred to as
the amplifier gain.

To achieve the desired gain, conventional RF variable gain
amplifiers (VGA’s) utilize operating point changing tech-
niques and/or voltage variable attenuators (VVA’s). To
modily the operating point within the amplifier itself, the
voltage and/or current applied to the transistors that are a part
of the amplifier are varied. However, the RF amplifier linear-
ity, noise, and impedance matching are also dependent upon
the operating point of the transistors. Therefore, varying the
gain of the RF amplifier through operating point changes can
sacrifice non-gain performance of the RF amplifier over the
RF amplifier gain range. As a result, the amplitude and fre-
quency range i which RF amplifiers may adequately per-
form through operating point change implementations 1s lim-
ited. Similarly, VVA mmplementation results in degraded
noise when used at the RF amplifier input, and degraded
linearity when used at the RF amplifier output.

BRIEF DESCRIPTION OF TH.
DRAWINGS/FIGURES

T

FIG. 1 1llustrates an amplifier block diagram according to

an exemplary embodiment of the disclosure;

FIG. 2A illustrates a single-ended RF amplifier circuit
diagram according to an exemplary embodiment of the dis-
closure;

FIG. 2B illustrates a differential RF amplifier circuit dia-
gram according to an exemplary embodiment of the disclo-
SUre;

FIG. 3 illustrates an impedance control module circuit
diagram according to an exemplary embodiment of the dis-
closure;

FIG. 4A illustrates a first single-ended current to power
conversion module circuit diagram according to an exem-
plary embodiment of the disclosure;

FIG. 4B 1illustrates a first differential current to power
conversion module circuit diagram according to an exem-
plary embodiment of the disclosure;
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2

FIG. 4C 1llustrates a second single-ended current to power
conversion module circuit diagram according to an exem-

plary embodiment of the disclosure;

FIG. 4D 1llustrates a second differential current to power
conversion module circuit diagram according to an exem-
plary embodiment of the disclosure; and

FIG. § illustrates a graph of normalized gain and resis-
tances versus gain control signal voltage according to an
exemplary embodiment of the disclosure.

The disclosure will now be described with reference to the
accompanying drawings. In the drawings, like reference
numbers generally indicate identical, functionally similar,
and/or structurally similar elements. The drawing in which an
clement first appears 1s indicated by the leftmost digit(s) in the
reference number.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(L]

The following Detailed Description refers to accompany-
ing drawings to 1llustrate exemplary embodiments consistent
with the disclosure. References 1n the Detailed Description to
“one exemplary embodiment,” “an exemplary embodiment,”
“an example exemplary embodiment,” etc., indicate that the
exemplary embodiment described may include a particular
feature, structure, or characteristic, but every exemplary
embodiment may not necessarily include the particular fea-
ture, structure, or characteristic. Moreover, such phrases are
not necessarily referring to the same exemplary embodiment.
Further, when a particular feature, structure, or characteristic
1s described in connection with an exemplary embodiment, 1t
1s within the knowledge of those skilled in the relevant art(s)
to affect such feature, structure, or characteristic 1n connec-
tion with other exemplary embodiments whether or not
explicitly described.

FIG. 1 1llustrates an amplifier block diagram according to
an exemplary embodiment of the disclosure. Amplifier 100
includes an mmput terminal 101, an input stage 102, a butifer
stage 104, an output stage 106, and output terminal 107.

Amplifier 100 receives a time-varying imput signal at input
stage 102 via mnput terminal 101. The time-varying input
signal propagates via an input transmission line having a
characteristic impedance. The 1nput transmission line 1s not
shown 1n FIG. 1. The time-varying input signal has a power
level which 1s represented by the product of time-varying
current and voltage components of the time-varying signal.
The time-varying current and voltage components, 1 turn,
are proportional to one another by a factor represented by the
characteristic impedance of the mput transmission line 1n
accordance with Ohm’s Law.

Input stage 102 1s configured to extract a time-varying
current component of the time-varying mput signal and to
attenuate the time-varying current component to provide an
attenuated time-varying current to buifer stage 104 via con-
nection 103. Input stage 102 i1s configured to attenuate the
current component of the time-varying input signal by an
attenuation factor which 1s controlled and adjusted by an
input gain control signal coupled to mnput stage 102. Regard-
less of the attenuation factor, input stage 102 1s configured to
maintain an impedance at mput terminal 101 at a predeter-
mined impedance, such as the characteristic impedance of the
input transmission line for example. In this way, iput stage
102 acts as a power to current converter and current attenua-
tor.

The mput gain control signal provides a variable voltage
and/or current to mput stage 102. The mput gain control
signal may provide the variable voltage and/or current utiliz-
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ing a priorit knowledge of a desired attenuation factor and/or
output power level signal metric of the time-varying input
and/or output signal. For example, a sampling module may
sample an input signal metric associated with the time-vary-
ing input signal and generate the mput gain control signal
based on a look up table (LUT) correlating a desired attenu-
ation or gain based on the input signal metric. The sampling
module and LUT are not shown 1 FIG. 1.

To provide another example, the input gain control signal
may be generated utilizing feedback recerved from sampling,
the time-varying output signal. The input gain control signal
may be generated as part of an automatic gain control (AGC)
loop which samples an output signal metric of the time-
varying output signal and provides the mput gain control
signal based on the output signal metric. The AGC loop 1s not
shown 1n FIG. 1.

Buiffer stage 104 1s configured to receive the attenuated
time-varying current via connection 103 and to provide an
intermediate time-varying current to output stage 106 via
connection 105. Buiffer stage 104 1s further configured to
provide the intermediate time-varying current having a cur-
rent level which tracks the current level of the attenuated
time-varying current. In this way, buffer stage 104 provides
isolation between input stage 102 and output stage 106.
Butlfer stage 104 maintains the current level of the imterme-
diate time-varying current as the output stage 106 converts the
intermediate time-varying current to an time-varying output
signal via output terminal 107.

Output stage 106 1s configured to receive the intermediate
time-varying current via connection 105 and to provide a
time-varying output signal via output terminal 107. The time-
varying output signal propagates via an output transmission
line having a characteristic impedance. Output stage 106
converts all or a portion of the itermediate time-varying
current to the time-varying output signal having an output
power level which 1s proportional to the input power level of
the time-varying input signal by a factor represented by the
amplifier gain. Output stage 106 may be configured to match
the impedance of output terminal 107 to the characteristic
impedance of the output transmission line that 1s connected to
the output terminal 107, and/or to another RF block and/or
stage, to prevent transmission line reflections. For example,
output stage 106 may include any number of impedance
matching networks. The output transmission line and imped-
ance matching networks are not shown in FIG. 1.

An output gain control signal provides a vaniable voltage
and/or current to output stage 106. The amount of current
output stage 106 converts to the output time-varying signal
111 1s based on the output gain control signal. Similar to the
input gain control signal, the output gain control signal may
provide a variable voltage and/or current based on a desired
output power level through sampling of the intermediate
time-varying current, an input signal metric, and/or an output
signal metric.

Although nput terminal 101, output terminal 107, connec-
tions 103, 105, and input and output gain control signals are
illustrated 1n FIG. 1 as a single connections, those skilled 1n
the art will appreciate that the aforementioned terminals,
connections, and signal lines may include any number of
terminals, connections, control signals and/or buses depend-
ing on the signal type of time-varying input signal and time-
varying output signal, including differential signaling.

FIG. 2A illustrates a single-ended RF amplifier circuit
diagram according to an exemplary embodiment of the dis-
closure. RF amplifier 200 includes RF input terminal 201,
input stage 202, buller stage 204, output stage 206, and RF
output terminal 207. Input stage 202, buifer stage 204, and
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4

output stage 206 are exemplary embodiments of input stage
102, butter stage 104, and output stage 106. In accordance
with an exemplary embodiment of the present disclosure, the
single-ended radio frequency (RF) input and output signals
illustrated 1n FIG. 2 are the time-varying input and output
signals of FIG. 1.

RF amplifier 200 receives a single-ended RF 1nput signal at
RF input terminal 201 and provides a single-ended RF output
signal at RF output terminal 207. The single-ended RF output
signal has a power level which 1s proportional to a power level
of the single-ended RF 1nput signal by a factor represented by
the overall gain of RF amplifier 200.

Input stage 202 includes a shunting current path, a series
current path, and an impedance control module 218. The
shunting current path 1s configured to route a portion of the
RF input current to ground, while the series current path 1s
configured to route the remaining portion of the RF current to
builer stage 204 via connection 203 as an attenuated RF
current. RF choke 216 provides a direct current (DC) current
path to ground for DC components of the RF input signal
while allowing the remaining portion of the RF input current
to pass to buifer stage 204.

The shunting current path includes resistor 210 and vari-
able resistance element 208, and the series current path
includes resistor 212 and variable resistance element 214.
Variable resistance elements 208 and 214 each recerve a sepa-
rate first and second impedance control signal at their respec-
tive gate terminals from impedance control module 218,
which provides each impedance control signal 1n response to
the mput gain control signal. In accordance with an exem-
plary embodiment of the present disclosure, variable resis-
tance elements 208 and 214 are metal oxide semiconductor
field effect transistors (MOSFETSs). In accordance with such
an embodiment, the impedance control signals applied to
cach gate are varying voltages. In response to the varying
voltages, the drain-source resistance of each respective vari-
able resistance element 208 and 214 1s varied. Those skilled 1in
the art will recognize that other variable resistance elements
could be used, including other transistor types, and are within
the scope and spirit of the present disclosure.

The impedance of RF input terminal 201 1s represented by
the overall combined impedance of the shunting current path,
the series current path, the parallel connected RF choke 216,
and the mmput impedance of buffer stage 204. In this way,
decreasing the resistance of variable resistance element 208
shunts a portion of the RF input current to ground and pro-
vides greater attenuation of the RF input current. To maintain
the impedance at RF mput terminal 201, the resistance of
variable resistance element 214 may be varied to compensate
for variations in the resistance in the shunting current path. As
a result, input stage 202 provides a desired RF input current
attenuation while maintaining the impedance of RF mput
terminal 201 at a predetermined 1mpedance.

Resistors 210 and 212 set a mimimum impedance for the
shunting current path and the series current path, respectively.
In other words, when either of variable resistance elements
208 or 214 1s fully turned on, their respective drain-source
resistances will be nearly zero. In such a case, the resistance
of shunting current path and the series current path 1s set by
resistors 210 and 212, respectively.

Resistors 210 and 212 also decrease the voltage drop across
variable resistance elements 208 and 214, respectively. This
decreased voltage drop allows for a larger margin of the
control voltage used to vary the resistance of variable resis-
tance elements 208 and 214, which improves the linearity of
RF amplifier 200. Those skilled 1n the art will appreciate that
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the resistances represented by resistors 210 and 212 may be
any combination of series and/or parallel resistances.

Although variable resistance elements 208 and 214 are
illustrated 1n FIG. 2A as MOSFETsSs, those skilled 1n the art
will appreciate that variable resistance elements 208 and 214
may be implemented using any variable resistance elements
which vary their resistance 1n response to a voltage and/or
current signal without departing from the spirit and scope of
the present disclosure. For example, variable resistance ele-
ments 208 and 214 may be implemented with any combina-
tion or number of bipolar junction transistors (BJT's) or het-
crojunction bipolar transistors (HBTs).

In accordance with an exemplary embodiment of the
present disclosure, mput stage 202 may include additional
shunting current paths and additional series current paths. In
such an embodiment, additional shunting current paths and
series current paths may be coupled in parallel with the shunt-
ing current paths and series current paths as 1llustrated 1n FIG.
2A. Additional shunting current paths and series current paths
may also include additional resistors and variable resistance
clements, and each variable resistance element may be 1nde-
pendently controlled with a separate impedance control sig-
nal provided by impedance control module 218. Using addi-
tional shunting current paths and series current paths, input
stage 202 may provide a greater attenuation range to accom-
modate a larger range of RF mnput power levels while main-
taining the impedance of RF mput terminal 201 at a prede-
termined 1impedance. As a result, the dynamic range of RF
amplifier 200 may be increased.

Buitfer stage 204 includes a current regulating element 220.
In accordance with an exemplary embodiment of the present
disclosure, current regulating element 220 1s a transistor.
Current regulating element 220 1s configured to recerve a bias
signal at 1ts base terminal and to couple mput stage 202 to
output stage 206 through its collector-emitter terminals. Cur-
rent regulating element 220 regulates the attenuated RF cur-
rent flowing through the series current path to provide an
intermediate RF current having a current level which tracks
the current level of the attenuated RF current. In this way,
butler stage 204 acts as a current source for output stage 206.
As a current source, butfer stage 204 ensures that the attenu-
ated RF current level provided by input stage 202 remains
essentially unafiected as output stage 206 converts the inter-
mediate RF current to an RF output signal.

The bias signal applied to the base terminal of current
regulating element 220 may be a voltage and/or current signal
depending on the type of current control which 1s 1mple-
mented for a particular transistor. For example, 1n an exem-
plary embodiment of the present disclosure, the bias signal 1s
a base-emitter current, and current regulating element 220 1s
implemented as a current-controlled current source. In accor-
dance with another exemplary embodiment of the present
disclosure, the bias signal 1s a base-emitter voltage, and cur-
rent regulating element 220 1s implemented as a voltage-
controlled current source.

The bias signal applied to the base of current regulating
clement 220 sets the operating point (Q-point) of current
regulating element 220. The bias signal may be a predeter-
mined or a dynamic signal. Similar to the input and output
gain control signals, the bias signal may be generated utiliz-
ing a table of values (such as a LUT, for example) and/or
teedback from a signal metric associated with the RF 1nput
and/or output signals. In this way, the operating point of
current regulating element 220 may be varied dynamically 1n
response to a power level of the RF 1nput signal. By changing
the bias signal in this way, current regulating element 220 1s
biased adequately to drive the attenuated RF current through
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its emitter and collector terminals to provide the intermediate
RF current over variations of the RF input power level. Fur-
thermore, by adapting the operating point of current regulat-
ing element 220 to the RF mput power level, less power 1s
wasted through unnecessary dissipation through current
regulating element 220, and the overall efficiency of RF
amplifier 200 1s improved.

Although bufler stage 1s illustrated 1n FIG. 2A as a single
NPN transistor, those skilled 1n the relevant art(s) will recog-
nize that any current regulating device may be implemented
as bulfer stage 204 without departing from the spirit and
scope of the present disclosure.

Those skilled 1n the art will appreciate that bufier stage 204
may be implemented with any number of current regulating
clements 1n addition to current regulating element 220 with-
out departing from the spirit and scope of the present disclo-
sure. For example, current regulating element 220 may be
implemented with any number and/or combination of BJTs,
HBTs, and/or FETSs, any, some, or all of which may be NPN,
PNP, n-type and/or p-type devices.

In accordance with an exemplary embodiment of the
present disclosure, butler stage 204 1s implemented utilizing,
a current mirror or may be followed by one. In such an
embodiment, the attenuated RF current would represent the
reference current to be “mirrored,” and the mirrored output
current provided as intermediate RF current to output stage
206. Further in accordance with such an embodiment, the bias
signal would set the operating point of the transistors imple-
mented 1n the current mirror based on the RF mput power
level.

Output stage 206 includes a current to power conversion
module 222 coupled to an output gain control signal and to a
voltage source Vcc and an RF output terminal 207. Output
stage 206 15 coupled to bufler stage 204 via connection 205.
Output stage 206 1s configured to convert the intermediate RF
current recerved via connection 205 to an RF output signal at
RF output terminal 207. Similar to the RF input signal, the RF
output signal propagates from RF output terminal 207 via a
transmission line having an output transmission line charac-
teristic impedance.

Output stage 206 converts the intermediate RE current to
the RF output signal by driving a portion of the intermediate
RF current through a passive or an active load, which may be
configured 1n series or 1n parallel between connection 205 and
RF output terminal 207. In accordance with an exemplary
embodiment of the present disclosure, power conversion
module 222 implements an impedance network comprising a
passive load (which may constitute a single resistor) coupled
between connection 205 and RF output terminal 207.

The impedance network may be implemented as any num-
ber of predetermined resistances, such as discrete resistors,
for example, or variable resistance elements configured such
that their individual resistances are controlled via the output
gain control signal. In the case of predetermined and/or dis-
crete impedance networks, the output gain control signal 1s
unnecessary.

In accordance with an exemplary embodiment of the
present disclosure, current to power conversion module 222
may implement any number of passive or active loads at each
path coupled between RF output terminal 207 and current
regulating element 220. In such an embodiment, resistances
of variable resistance elements implemented as part of the
passive or active load are controlled via the output gain con-
trol signal. Although the output gain control signal 1s 1llus-
trated as a single line, the output gain control signal may be
implemented as any number of signals, buses, and/or connec-
tions to output stage 206. In this way, the output gain control
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signal may control the resistance of any number of variable
resistance elements implemented as part of current to power
conversion module 222.

In accordance with an exemplary embodiment of the
present disclosure, power conversion module 222 1s imple-
mented as a current steering circuit configured to route a
portion of the mntermediate RF current to an RF ground and/or
to Vcc. In this way, output stage 206 provides an RF output
signal having an RF power level proportional to the remaining
portion of the intermediate RF current which 1s not routed to
ground and/or Vcc. The RF output power level 1s proportional
to the RF mput power level by a factor equivalent to the
overall gain of RF amplifier 200. Current routing in this way
provides RF amplifier 200 with an additional mechanism in
which to control the range of RF output power levels for a
range of RF input power levels, resulting in increased
dynamic range.

In accordance with an exemplary embodiment of the
present disclosure, power conversion module 222 mmple-
ments a current mirror to increase the gain of RF amplifier
200. In such an embodiment, the current mirror may scale the
intermediate RF current to provide a scaled version of the
intermediate RF current. By providing this scaled intermedi-
ate RF current as the mput to power conversion module 222,
which may further utilize an active or passive load to convert
the scaled intermediate RF current to the RF output signal, the
gain of RF amplifier 200 may be increased. In addition,
because the active or passive loads provide adaptive control
over the RF output power level, utilizing the current mirror 1in
conjunction with either an active or passive load implemen-
tation negates 1ssues related to increased noise figures which
may be itroduced by load implementation.

Although the output gain control signal 1s illustrated as a
single line, the output gain control signal may be imple-
mented as any number of signals, buses, and/or connections
coupled to power conversion module 222. In this way, the
output gain control signal may control the resistance of any
number of variable resistance elements implemented as part
of output stage 206.

FIG. 2B illustrates a differential RF amplifier circuit dia-
gram according to an exemplary embodiment of the disclo-
sure. RF amplifier 250 includes RF mput terminals 251 and
2353, input stage 252, butter stage 254, output stage 256, and
RF output terminals 282 and 284. Input stage 252, bulfer
stage 254, and output stage 256 operate 1n a substantially
similar manner as input stage 202, bulfer stage 204, and
output stage 206; therefore, only differences between nput
stage 2352, buller stage 254, and output stage 256 and input
stage 202, buller stage 204, and output stage 206 are to be
discussed in further detail.

RF amplifier 250 1s configured to recetve a complementary
pair of RF mput signals including RF 1nput signal (+) and RF
input signal (-) constituting a differential RF input signal via
RF 1nput terminals 251 and 253, respectively. RF amplifier
250 1s configured to provide a complementary pair of RF
output signals including RF output signal (+) and RF output
signal (—) constituting a differential RF output signal via RF
output terminals 282 and 284, respectively. The power level
of the differential RF output signal is proportional to the
power level of the differential RF 1nput signal by a factor
representative of the gain of RF amplifier 250.

Input stage 252 includes impedance control module 258, a
first series current path coupled to RF input terminal 251, a
second series current path coupled to RF mput terminal 253,
and a shunting current path coupled between the first and the
second series current paths. Input stage 252 also includes RF
chokes 260 and 262 to provide a DC path to ground while
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preventing the RF input attenuated currents from being
grounded 1nstead of being passed to butler stage 254.

The shunting current path includes a variable resistance
clement 266 and resistors 264 and 268. Variable resistance
clement 266 provides a variable resistance in response to an
impedance control signal generated by impedance control
module 258 which 1s coupled to its gate terminal. To provide
attenuation of the RF mput current received via RF 1nput
terminals 251 and 2353, the impedance of variable resistance
clement 266 1s varied. In this way, the shunting current path
dissipates more of the RF mput current by decreasing the
impedance of variable resistance element 266, resulting 1n
greater attenuation of the RF input current. Conversely, the
shunting path dissipates less of the RF imput current by
increasing the impedance of variable resistance element 266,
resulting 1n less attenuation of the RF input current. The
shunting path effectively provides a lossy shunt to ground as
it couples together the differential components of the RF
input signal 251/253, thereby creating a virtual ground with a
variable resistance.

The first and second series current paths each include a
variable resistance element 270 and 274, respectively, and a
resistor 272 and 276, respectively. To compensate for the
resistive variations in the shunting current path, the resistance
of variable resistance elements 270 and 274 may be varied.
The resistance of variable resistance elements 270 and 274 1s
varied 1n response to a first and a second impedance control
signal generated by impedance control module 258, which
are coupled to each of their respective gates. In accordance
with an exemplary embodiment of the present disclosure, the

impedance control signal coupled to each respective gate of
variable resistance elements 270 and 274 1s the same. In this
way, the impedance of the first and second series current paths
will equal one another as to not perturb the symmetry of the
differential RF input signal. Alternatively, the symmetry can
be tuned using unequal impedance control signals. This may
be usetul if an asymmetry 1s detected before or after RF
amplifier 250.

The first and second series paths couple the remaining
portion of the RF input current which 1s not dissipated
through the shunting current path to buffer stage 254 as
attenuated RF first and second attenuated RF currents, respec-
tively. Therefore, input stage 252 provides a desired attenua-
tion level ol the RF mput current levels associated with the RF
input signal (+) and RF input signal (-) while maintaining a
predetermined impedance at the RF mnput terminals 251 and
253.

Butfer stage 254 includes current regulating elements 278
and 280. Current regulating elements 278 and 280 provide
first and second intermediate RF currents to output stage 256
that have current levels which track the current levels of the
first and second attenuated RF currents, respectively. Current
regulating elements 278 and 280 each have their respective
bases coupled to a bias signal (+) and bias signal (-), respec-
tively.

In accordance with an exemplary embodiment of the
present disclosure, current regulating elements 278 and 280
are transistors, which have their respective operating points
set by the (+) and (-) bias signals. In accordance with another
embodiment of the present disclosure, the (+) and (-) bias
signals are the same signal, such that the operating points of
current regulating elements 278 and 280 vary together for
variations 1n the (+) and (-) bias signals. In this way, current
regulating elements 278 and 280 maintain the same operating
points as one another, as to not perturb the symmetry of the
differential RF input signal. As aresult of the dynamic control
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ol the operating points of current regulating elements 278 and
280, RF amplifier 250 operates with greater efficiency.

Those skilled in the art will appreciate that butfer stage 254
may be implemented with any number of current regulating
clements 1 addition to current regulating elements 278 and
280 without departing from the spirit and scope of the present
disclosure. For example, current regulating elements 278 and
280 may be implemented with any number and/or combina-
tion of BJTs, HBTs, and/or MOSFETSs, any, some, or all of
which may be NPN, PNP, n-type and/or p-type devices.

Output stage 256 converts the intermediate first and second
RF currents to the differential RF output signal constituting
complementary RF output signal (+) and RF output signal (-)
via RF output terminals 282 and 284, respectively. The power
level of the differential RF output signal is proportional to the
power level of the RF 1nput signal by a factor representative of
the gain of the RF amplifier 250. In accordance with an
exemplary embodiment of the present disclosure, current to
power conversion module 286 may implement any number of
passive or active loads at each path coupled between each
respective RF output terminal 282 and 284 and each current
regulating element 278 and 280, respectively.

In such an embodiment, resistances of variable resistance
clements implemented as part of the passive or active load are
controlled via the output gain control signal. Although the
output gain control signal 1s 1llustrated as a single line, the
output gain control signal may be implemented as any num-
ber of signals, buses, and/or connections to output stage 256.
In this way, the output gain control signal may control the
resistance ol any number of variable resistance elements
implemented as part of current to power conversion module
286.

FIG. 3 illustrates an impedance control module circuit
diagram according to an exemplary embodiment of the dis-
closure. Impedance control module 300, that 1s one embodi-
ment of impedance control module 238, includes current
sources 302 and 304, comparator 308, resistors 306, 312, and
314, and variable resistance elements 310 and 316.

Impedance control module 300 1s configured to replicate
the overall impedance represented by the shunting and series
current paths of FIGS. 2A and 2B depending on the type of RF
signal. Impedance control module 300 uses the replicated
impedance to generate control signals that drive the replicated
impedance to a predetermined desired impedance. These
same control signals are used to control individual imped-
ances of the series and shunt current paths to drive their
combined impedance to the predetermined desired 1mped-
ance. To achieve this, impedance control module 300 includes
a first current path which includes resistor 312 coupled 1n
series with variable resistance element 310. Similarly, imped-
ance control module 300 also includes a second current path
which includes resistor 314 couples in series with variable
resistance element 316.

Impedance control module 300 may represent an exem-
plary embodiment of impedance control module 218 or 258,
corresponding to single-ended and differential RF signals,
respectively. In single-ended RF signal embodiments, the first
current path represents a replicated impedance of the shunt
current path illustrated 1n FI1G. 2A, including resistor 210 and
variable resistance element 208. Further 1n accordance with
such embodiments, the second current path represents a rep-
licated impedance of the series current path i1llustrated 1n FIG.
2A, including resistor 212 and variable resistance element
214. Therelore, 1n a single-ended RF signal embodiment, the
resistance of resistors 314 and 312 are the same as the resis-
tance of resistors 212 and 210, respectively. Likewise, in
accordance with such an embodiment, the variable resistance
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response of variable resistance elements 316 and 310 are the
same as the variable resistance response of variable resistance
clements 214 and 208, respectively. In other words, variable
resistance elements 316 and 214 provide the same series
resistances for equivalent impedance control signals, and
variable resistance elements 310 and 208 provide the same
series resistances for equivalent impedance control signals.

In a differential RF signal embodiment, the impedance of
the first and second current paths of impedance control mod-
ule 300 represent a half-circuit equivalent of the overall
impedance represented by the shunting and series current
paths of FIG. 2B. In accordance with such embodiments, the
first current path represents a replicated impedance of the
shunt current path illustrated 1n FIG. 2B, including resistors
264 and 268, and variable resistance element 266. Further 1in
accordance with such embodiments, the second current path
represents a replicated impedance of the series current paths
illustrated 1n FIG. 2B, including resistors 272 and 276, and
variable resistance elements 270 and 274. For example, the
impedance of the second current path of impedance control
module 300 matches the impedance of either series current
path in FIG. 2B (which may be equal to one another to
preserve symmetry). Accordingly, the resistance of resistors
314 1s the same as the resistance of resistor 272 (or 276) and
the variable resistance response ol variable resistance ele-
ment 316 1s the same as the variable resistance response of
variable resistance element 270 (or 244).

Further in accordance with the differential signal embodi-
ment, the impedance of the first current path of impedance
control module 300 1s the same as half of the shunting current
path of FIG. 2B. Therefore, the resistance of resistor 312 1s the
same as half the total resistance of resistors 264 or 268, or
either resistor 264 or 268 alone if their resistance 1s equal. The
variable resistance response of variable resistance element
310 should likewise be half the vaniable resistance response of
variable resistance element 266. Variable resistance element
310 may be implemented to provide a series resistance which
1s half of the resistance of variable resistance element 266 for
an equivalent impedance control signal. Furthermore, vari-
able resistance element 310 may be implemented as two
variable resistance elements 266 coupled in parallel, each
having their respective gate terminals coupled to the output of
comparator 308.

Comparator 308 includes a first and second 1mnput and an
output. The first input 1s coupled to node A, which 1s coupled
to current source 302 and to resistor 306. The second input 1s
coupled to node B, which is coupled to current source 304, the
first current path, and the second current path.

Current sources 302 and 304 are coupled to a power source
Vcc and are configured to provide current to nodes A and B.
The current provided by current sources 302 and 304 may be
the same or different currents. Those skilled in the art waill
appreciate that current sources 302 and 304 may be 1mple-
mented with any number of current drivers which provide the
same current flow mto nodes A and B without departing from
the spirit and scope of the present disclosure. For example,
current sources 302 and 304 may be implemented using a
current mirror.

The current provided from current source 302 results 1n a
voltage drop across resistor 306 to ground, resulting in a
voltage at node A. Current from current source 304 1s split
between the first and second current paths to ground, which in
turn results 1n a voltage at node B proportional to the imped-
ance of the first and second current paths in parallel with one
another. Comparator 308 provides an output voltage at node
C, which 1s a voltage representative of an amplified difference
between the voltages at nodes A and B at its first and second
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inputs. The resistance of resistors 312 and 314 ensures that the
voltage at node B does not drop below a predetermined volt-
age, such as the voltage at node A, for example.

The voltage at node C controls the impedance of variable
resistance element 310. Variable resistance element 310 and
resistor 312 form a feedback path between the output of
comparator 308 and the second mput of comparator 308.
Therefore, the impedance of variable resistance element 310
1s decreased as the voltage at node B exceeds the voltage at
node A. Since the voltage at node B 1s directly proportional to
the impedance of the first and second current paths 1n parallel
with one another, the voltage at node B 1s decreased when the
impedance of variable resistance element 310 1s decreased. In
this way, the feedback path maintains the voltage at nodes A
and B equal to one another.

The voltage at node A 1s also proportional to the resistance
of resistor 306. The currents provided at nodes A and B may
be the same current, or resistor 306 may be scaled accordingly
to compensate if the currents are ditferent. In either case, the
resistance of resistor 306 1s likewise proportional to the resis-
tance of the first and second current paths in parallel with one
another. Therefore, as comparator 308 and the first current
path (feedback path) maintain the voltage at node A equal to
the voltage at node B, the resistance of the first and second
current paths 1n parallel with one another 1s also driven to
equal the resistance of resistor 306. Resistor 306 may be
chosen to be any resistive value. In an exemplary embodiment
of the present disclosure, the resistance of resistor 306 1s
chosen to match a desired impedance of the RF iput ter-
minal(s). In such an embodiment, resistor 306 1s a resistive
value which matches a characteristic impedance of the trans-
mission line through which the RF input signal(s) propa-
gate(s), such as 50 Ohms, for example.

In a single-ended RF signal embodiment, node C 1s
coupled to the gate terminal of variable resistance elements
310 and 208, while the mput gain control signal 1s coupled to
the gate terminals of variable resistance elements 316 and
214. In a differential RF signal embodiment, node C 1is
coupled to the gate of variable resistance elements 310 and
266, while the input gain control signal 1s coupled to the gate
terminals of variable resistance elements 316, 270, and 274.
As shown 1n FIG. 3, nodes C and D provide a tap off point for
the impedance control signals as shown i FIGS. 2A-B.

Therefore, for a single-ended RF signal embodiment, the
impedance of both variable resistance elements 316 and 214
1s adjusted, and for a differential RF signal embodiment, the
impedance of variable resistance elements 316, 270, and 274
1s adjusted, 1n response to the input gain control signal.

The output of comparator 308 at node C varies the imped-
ance of variable resistance element 310 to compensate for the
varied impedance of variable resistance element 316. The
parallel impedance combination of the first and second cur-
rent paths maintains a match with the predetermined imped-
ance set by resistor 306. The impedance of the first and second
current paths are configured to mirror the equivalent 1mped-
ances of the shunting and series current path(s), respectively.
Therefore, the same control signals at nodes C and D which
maintain the parallel impedance combination of the first and
second current paths equal to the predetermined resistance set
by resistor 306 are also used as impedance control signals to
maintain the impedance combination of the shunting and
series current paths (in FIGS. 2A and 2B) equal to the same
predetermined resistance set by resistor 306. In this way, the
input gain control signal allows for the attenuation of the RF
input current while maintaining the impedance at RF 1nput
terminal 201 equal to a predetermined resistance value.
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FIG. 4A 1llustrates a first single-ended current to power
conversion module circuit diagram according to an exem-
plary embodiment of the disclosure. Current to power con-
version module 400 includes a variable resistance element
402, RF choke 404, capacitor 406, and RF output terminal
408. Current to power conversion module 400 1s an exem-
plary embodiment of current to power conversion module
222. In accordance with an exemplary embodiment of the
present disclosure, variable resistance element 402 1s a MOS-
FET. Vcce supplies power to the amplifier.

RF choke 404 provides a DC path to Vcec and blocks RF
from being transterred to Vcc instead of the output. Capacitor
406 provides a decoupling path to an RF ground for the
intermediate RF current 1n addition to the path to Vcc, and
helps prevent the intermediate RF current and/or the RF out-
put signal {from inducing noise within the voltage source Vcc.

Current to power conversion module 400 recerves the inter-
mediate RF current from buifer module 204 and converts the
intermediate RF current to an RF output signal at RF output
terminal 408 having an RF power output level. The output
gain control signal varies the impedance of variable resis-
tance element 402, and thereby the impedance between Vcc
and RF output terminal 408. The power level of the RF output
signal 1s a product of the intermediate RF current and the RF
voltage at RF output terminal 408, when referenced to the RF
ground. Because the intermediate RF current 1s provided by a
butler stage, such as buffer stage 204, for example, the inter-
mediate RF current 1s maintained at the same current level
regardless of changes 1n the resistance of variable resistance
clement 402. A portion, or all, of the intermediate RF current
1s output via RF output terminal 408, and the remaining
portion, or all, of intermediate RF current1s routed to Vcc and
the RF ground, where the portions determined based on the
impedance of the variable resistance element 402. Decreasing
the resistance of variable resistance element 402 routes more
current to Vec and RF ground, and increasing the resistance of
variable resistance element 402 routes less current to Vec and
RF ground. In turn, the voltage drop across variable resistance
clement 402 1s increased for a higher resistance, and
decreased for a lower resistance. Since the power level of the
RF output signal 1s directly proportional to the voltage drop
across variable resistance element 402, the output gain con-
trol signal varies the output power level of RF output signal by
adjusting the resistance of variable resistance element 402,
such that a higher resistance provides a larger output power.

FIG. 4B illustrates a first differential current to power
conversion module circuit diagram according to an exem-
plary embodiment of the disclosure. Current to power con-
version module 420 includes differential RF output terminals
424 and 426, variable resistance element 422, RF chokes 428
and 430, capacitor 432. Current to power conversion module
420 may be an exemplary embodiment of current to power
conversion module 286. In accordance with an exemplary
embodiment of the present disclosure, variable resistance
clement 422 1s a MOSFET.

Current to power conversion module 420 operates 1n a
substantially stmilar manner as current to power conversion
module 400; therefore, only differences between current to
power conversion module 420 and current to power conver-
sion module 400 are to be discussed 1n further detail. The RF
output signal (+) and the RF output signal (-) are output at
differential RF output terminals 424 and 426, which are
coupled to the intermediate (+) and (-) RF currents recerved
from a buller stage, such as buliler stage 254, for example.

The output power level of the RF output (+) and (-) signals
1s proportional to the product of the sum of the intermediate
RF (+) and (-) currents and the voltage between differential
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RF output terminals 424 and 426. Variable resistance element
422 1s coupled between differential RF output terminals 424
and 426, and its resistance, which 1s provided between differ-
ential RF output terminals 424 and 426, 1s adjusted via the
output gain control signal which 1s coupled to 1ts gate termi-
nal.

Accordingly, when the resistance of variable resistance
clement 422 1s decreased, a portion, or all, of the intermediate
RF (+) and (-) currents are shunted through variable resis-
tance element 422 instead of output as current components of
the RF output (+) and (-) signals. Conversely, when the
resistance of variable resistance element 422 1s increased, a
portion, or all, of the intermediate RF (+) and (-) currents are
routed through the RF output terminals 424 and 426 as current
components of the RF output (+) and (-) signals. Since the
power level of the RF output (+) and (-) signals 1s propor-
tional to the current components of the RF output (+) and (-)
signals, the output gain control signal adjusts the power level
of the RF output (+) and (-) signals by varying the resistance
of variable resistance element 422. In other words, the higher
the resistance of variable resistance element 422, the higher
the output power and more current 1s provided to differential
outputs 424 and 426. As the resistance 1s lowered, a lossy
virtual ground 1s formed that begins to short the differential
outputs, thereby lowering the output power.

FIG. 4C illustrates a second single-ended current to power
conversion module circuit diagram according to an exem-
plary embodiment of the disclosure. Current to power con-
version module 440 functions as a current steering device and
includes RF output terminal 446, current regulating elements
442 and 444, RF choke 450 and capacitor 448. Current to
power conversion module 440 1s an exemplary embodiment
of current to power conversion module 222. In accordance
with an exemplary embodiment of the present disclosure,
current regulating elements 442 and 444 are transistors.

The voltage source Vcc provides proper bias voltage levels
for current regulating elements 442 and 444. While current
regulating elements 442 and 444 are biased in this way, the
amount of the mntermediate RF current tflowing through cur-
rent regulating elements 442 and 444 1s controlled via the
output gain control signals 1 and 2, respectively. The inter-
mediate RF current may be provided from a butler stage, such
as butler stage 204, for example. More specifically, the volt-
age applied at the base terminal of current regulating elements
442 and 444 increases or decreases the amount of intermedi-
ate RF current that 1s provided through the respective collec-
tor terminals of current regulating elements 442 and 444.

RF choke 450 provides a DC path to Vcc, as Vec also acts
as a current sink for DC components of the current passed by
current regulating elements 442 and 444. RF choke 450 pre-
vents the RF output signal from being coupled into the volt-
age source Vcc. Capacitor 448 provides a decoupling path to
an RF ground for the current passed by current regulating
clements 442 and 444, 1in addition to the path to Vcc, and
turther helps prevent the RF output signal from inducing
noise within the voltage source Vcc.

Current regulating elements 442 and 444 work together to
control the overall RF output current level which 1s part of the
RF output signal at RF output terminal 446. Current regulat-
ing element 442 passes a portion, or all, of the intermediate
RF current to RF output terminal 446, while current regulat-
ing element 444 sinks a portion, or all, of the intermediate RF
current output to Vcc and the RF ground. In accordance with
an exemplary embodiment of the present disclosure, output
gain control signals 1 and 2 are dependently controlled. In this
way, current regulating elements 442 and 444 control how
much of the intermediate RF current 1s steered to the RF
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output terminal 446, and how much 1s steered to RF ground.
In other words, a first portion of the intermediate RF current
1s steered to the RF output terminal 446 and a second portion
of the intermediate RF current 1s steered to RF ground, where
the first and second portions are determined by the relative
input or base-emitter conductance of the current steering
clements 442 and 444 as determined by their corresponding
gain control signals. Because the RF output signal power
level 1s proportional to the RF output current level provided at
RF output terminal 446, output gain control signals 1 and 2
control the power level of the RF output signal through regu-
lation of the current steered to the RF output terminal 446.

FIG. 4D 1llustrates a second differential current to power
conversion module circuit diagram according to an exem-
plary embodiment of the disclosure. Current to power con-
version module 460 functions as a current steering device and
includes RF output terminals 474 and 476, current regulating
elements 462, 464, 466, and 468, RF chokes 470 and 472, and
capacitor 478. Current to power conversion module 420 1s an
exemplary embodiment of current to power conversion mod-
ule 286. In accordance with an exemplary embodiment of the
present disclosure, current regulating elements 462, 464, 466,
and 468 are transistors.

Current to power conversion module 460 operates 1n a
substantially similar manner as current to power conversion
module 440; therefore, only differences between current to
power conversion module 460 and current to power conver-
s1on module 440 are to be discussed in further detail.

Current regulating elements 462, 464, 466, and 468 regu-
late the amount of intermediate RF (+) and (-) currents which
are passed to RF output terminals 474 and 476 in response to
the output gain control signals 1-3. More specifically, output
gain control signals 1 and 3 steer all, or a portion of the
intermediate RF (+) and (-) currents to RF output terminals
474 and 476, respectively via current regulating elements 462
and 468. Output gain control signal 2 steers all, or a portion of
the mtermediate RF (+) and (-) currents to Vcc and the RF
ground via current regulating elements 462 and 466.

Output gain control signals 1-3 may be controlled indepen-
dently. In accordance with an exemplary embodiment of the
present disclosure, output gain control signals 1 and 3 are the
same output gain control signal. In accordance with such an
embodiment, the amount of intermediate RF current (+) cur-
rent steered to output terminal 474 via current regulating
clement 462 matches the amount of intermediate RF current
(-) steered to differential output terminal 476 via current
regulating element 468.

The relative input or base-emitter conductances of the cur-
rent regulating elements 462,468 when compared to those of
464,466 determine the relative portion of intermediate RF
current that 1s steered to the RF output terminals 474,476
compared to the portion steered to RF ground. The differen-
tial RF output signal power level 1s proportional to the overall
RF output current level provided at RF output terminals 474
and 476. Therefore, output gain control signals 1-3 control the
power level of the differential RF output signal through regu-
lation of the current steered to the RF output terminals 474
and 476, respectively. As will be apparent based on the dis-
cussion herein, lowering the relative impedance of the current
regulating elements 462,468 corresponding increases the
relative portion of intermediate RF currents that are steered to
the output terminals 474,476, and thereby increases the RF
output power.

FIG. 5 illustrates a graph of normalized gain and resis-
tances versus gain control signal voltage according to an
exemplary embodiment of the disclosure. For simplicity,
graph 500 illustrates gain and resistance values in reference to
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RF amplifier 200, according to an exemplary embodiment of
the present disclosure whereby variable resistance elements
208,214, 312, and 316 are all MOSFET devices, and whereby
the input gain control signal and the first impedance control
signal, and the second impedance control signal are varying
voltages. FIG. 5 provides a left y-axis which represents resis-
tive values in Ohms, a right y-axis which represents gain
values 1n decibels (dB), and an x-axis which represents volt-
age levels 1n volts.

Graph 500 1llustrates traces 502, 504, 506, and 508. Trace
502 corresponds to the impedance of RF input terminal 201.
Trace 504 represents the gain of RF amplifier 200. Traces 506
and 508 correspond to the resistance of variable resistance
clements 208 and 214, respectively. Graph 500 provides the
corresponding data as traces 502, 504, 506, and 308 for a
varying input gain control signal voltage.

Graph 3500 indicates that the resistance between the drain
and source terminals of variable resistance element 208
increases from approximately 50 Ohms to 200 Ohms or more
corresponding to input gain control signal voltage values
between approximately 0.4 Volts and 1.5 Volts. The control
signal voltage values may have any voltage range; however,
graph 500 1llustrates the response of traces 302, 504, 506, and
508 for control signal voltages in the range as illustrated 1n
accordance with an exemplary embodiment of the present
disclosure.

In contrast, the resistance between the drain and source
terminals of variable resistance element 214 decreases from
approximately 200 Ohms (or greater) to 50 Ohms corre-
sponding to mnput gain control signal voltage values between
approximately 0.9 Volts and 1.8 Volts. Although graph 500
truncates the resistance axis at 200 Ohms, the resistance of
variable resistance elements 208 and 214, (traces 506 and
508) may exceed 200 Ohms.

The gain of RF amplifier 200, in turn, varies from approxi-
mately —25 dB to 0 dB corresponding to input gain control
signal voltage values between approximately 0.4 Volts and
1.8 Volts. The impedance of RF input terminal 201, 1n turn, 1s
maintained at 50 Ohms regardless of the voltage variations of
the input gain control signal.

In accordance with an exemplary embodiment of the
present disclosure, resistor 306 1s likewise 50 Ohms, resulting
in the values shown for trace 502. Therefore, graph 500 1llus-
trates the impedance of RF input terminal 201 1s maintained
at a predetermined impedance regardless of the resistances of
variable resistance elements 208 and 214 and the gain of RF
amplifier 200.

The disclosure has been described above with the aid of
tunctional building blocks illustrating the implementation of
specified functions and relationships thereof. The boundaries
of these functional building blocks have been arbitrarily
defined herein for the convenience of the description. Alter-
nate boundaries may be defined so long as the specified func-
tions and relationships thereof are appropriately performed.

It will be apparent to those skilled 1n the relevant art(s) that
various changes in form and detail may be made therein
without departing from the spirit and scope of the disclosure.
Thus the disclosure should not be limited by any of the above-
described exemplary embodiments, but should be defined
only 1 accordance with the following claims and their
equivalents.

Embodiments of the disclosure may be implemented in
hardware, firmware, software, or any combination thereof.
Embodiments of the disclosure may also be implemented as
instructions stored on a machine-readable medium, which
may be read and executed by one or more processors. A
machine-readable medium may include any mechanism for
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storing or transmitting information 1n a form readable by a
machine (e.g., a computing device). For example, a machine-
readable medium may include non-transitory machine-read-
able mediums such as read only memory (ROM); random
access memory (RAM); magnetic disk storage media; optical
storage media; flash memory devices; and others. As another
example, the machine-readable medium may include transi-
tory machine-readable medium such as electrical, optical,
acoustical, or other forms of propagated signals (e.g., carrier
waves, inirared signals, digital signals, etc.). Further, firm-
ware, soltware, routines, instructions may be described
herein as performing certain actions. However, 1t should be
appreciated that such descriptions are merely for convenience
and that such actions 1n fact result from computing devices,
processors, controllers, or other devices executing the firm-
ware, software, routines, 1nstructions, etc.

What 1s claimed 1s:

1. An amplifier, comprising:

an iput stage configured to extract a first radio frequency
(RF) current having a first RF current level from an RF
input signal having an input power level, the input stage
including,

a shunting current path including a first variable resis-
tance element, the shunting current path being con-
figured to shunt a portion of the RF input signal to a
ground, and

a series current path including a second variable resis-
tance element, the series current path being config-
ured to attenuate the RF mput signal and provide the
first RF current; and

a bulfer stage configured to regulate a second current level
of a second RF current to substantially track the first RF
current level; and

an output stage configured to convert the second RF current
to an RF output signal having an output power level, the
output power level being proportional to the input power
level,

wherein the mput stage 1s further configured to substan-
tially maintain a predetermined input impedance for
variations 1n the first RF current level.

2. The amplifier of claim 1, wherein the bu

Prises:

a transistor having a first terminal, a second terminal, and a
third terminal, wherein the transistor 1s configured to
regulate the current level of the second RF current in
response to a bias signal applied at the first terminal.

3. The amplifier of claim 1, wherein:

the shunting current path comprises a first resistor coupled
in series with the first variable resistance element, and

the series current path comprises a second resistor coupled
in series with the second variable resistance element.

4. The amplifier of claim 1, wherein the input impedance 1s

a combination of a resistance of the shunting current path and
the series current path.

5. The amplifier of claim 4, further comprising:

an 1mpedance control module configured to provide first
and second impedance control signals,

wherein the second impedance control signal 1s an 1mnput
gain control signal,

wherein the first impedance control signal 1s generated 1n
response to the mput gain control signal, and

wherein the resistance of the shunting current path and the
series current path are adjusted in response to the first
impedance control signal and the input gain control sig-
nal, respectively, such that the resistance of the series
current path compensates for changes in the resistance

[l

er stage com-
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ol the shunting current path to maintain the imnput imped-
ance for variations 1n the resistance of the series current
path.

6. The amplifier of claim 5, wherein the impedance control

module comprises:

a comparator having a first input, a second nput, and an
output;

a first current path coupled between the second 1nput and
the ground forming a feedback path between the output

and the second nput:

a second current path coupled between the second input
and the ground; and

a third current path including a resistor determined based
on the predetermined mput impedance, the third current
path being coupled between the first mput and the
ground.

7. The amplifier of claim 6,

wherein the first and second current paths include first and
second transistors, respectively,

wherein the input gain control signal adjusts an impedance
of the second transistor, and

wherein the comparator 1s further configured to generate
the first impedance control signal at the output to adjust
an 1impedance of the first transistor to compensate for
changes 1n the impedance of the second transistor such
that an 1impedance at the second input 1s maintained
substantially equal to an impedance at the first input for
variations in the impedance of the first transistor, the
impedance at the first mput being the predetermined
impedance.

8. An amplifier, comprising:

an mput stage having an input impedance determined by a
plurality of current paths and configured to route first
and second radio frequency (RF) currents extracted
from an RF 1nput signal through the plurality of current
paths so as to provide first and second attenuated RF
currents, and to maintain the mput impedance substan-
tially at a predetermined impedance over variations in
current levels of the first and second attenuated RF cur-
rents:

a buffer stage configured to provide first and second inter-
mediate RF currents having current levels that substan-
tially track the current levels of the first and second
attenuated RF currents, respectively; and

an output stage configured to convert the first and second
intermediate RE currents to an RF output signal having
a power level proportional to a power level of the RF
input signal.

9. The amplifier of claim 8, wherein the RF mput signal 1s

a differential RF signal having first and second complemen-
tary RF signals, and wherein the first and second RF currents
are associated with the first and second complementary RF
signals, respectively.

10. The amplifier of claim 9, wherein the input stage 1s
turther configured to receive the first and second complemen-
tary RF signals via first and second terminals, respectively,
and wherein the plurality of current paths comprise:

a shunting current path coupled between the first and sec-
ond terminals, the shunting current path including a first
variable resistance element;

a first series current path coupled to the first terminal, the
first series current path including a second variable resis-
tance element; and

a second series current path coupled to the second terminal,
the second series current path including a third variable
resistance element, and
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wherein the input impedance 1s a combination of a resis-
tance of the shunting current path and the first and sec-
ond series current paths.

11. The amplifier of claim 10, wherein the bulfer stage

COmMprises:

a {irst transistor having a first terminal, the first transistor
being coupled to the first series current path and config-
ured to regulate the first intermediate RF current level in
response to a bias signal applied at the first terminal; and

a second transistor having a second terminal, the second
transistor being coupled to the second series current path
and configured to regulate the second intermediate RF
current level 1n response to the bias signal applied at the
second terminal.

12. The amplifier of claim 11, further comprising:

an 1impedance control module configured to provide first,
second, and third impedance control signals,

wherein the first and second impedance control signals are
a single input gain control signal,

wherein the third impedance control signal 1s generated 1n
response to the mput gain control signal, and

wherein a resistance of the first, second, and third variable
resistance elements 1s adjusted 1n response to the first,
second, and third impedance control signals, respec-
tively, such that the resistance of the first and second
series current paths compensates for changes in the
resistance of the shunting current path to maintain the
input impedance for variations in the resistance of the
shunting current path.

13. The amplifier of claim 12, wherein the impedance

control module comprises:

a comparator having a {irst input, a second 1mput, and an
output;

a first current path including a fourth variable resistance
clement coupled between the second input and a ground
forming a feedback path between the output and the
second mnput;

a second current path including a fifth variable resistance
clement coupled between the second mput and the
ground; and

a third current path including a resistor representative of
the predetermined impedance, the third current path
being coupled between the first input and the ground.

14. The amplifier of claim 13, wherein the first, second,

third, fourth, and fifth variable resistances are first, second,
third, fourth, and fifth transistors, respectively,

wherein the input gain control signal adjusts an impedance
of the fifth transistor, and

wherein the comparator 1s further configured to generate
the third impedance control signal at the output to adjust
an 1mpedance of the fourth transistor to compensate for
changes 1n the impedance of the fifth transistor such that
an impedance at the second mput 1s maintained substan-
tially equal to an impedance at the first input for varia-
tions in the impedance of the fourth transistor, the
impedance at the first mnput being the predetermined
impedance.

15. The amplifier of claim 10, wherein:

the shunting current path comprises a {first resistance
coupled 1n series with the first variable resistance ele-
ment,

the first series current path comprises a second resistance
coupled 1n series with the second variable resistance
element, and

the second series current path comprises a third resistance
coupled 1n series with the third variable resistance ele-
ment.
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16. An amplifier, comprising:

an input radio frequency (RF) terminal configured to
receive an RF input signal having an RF input current
and an RF 1mput power level;

a shunting current path including a first variable resistance
clement, the shunting current path configured to shunt a
portion of the RF 1put current to a ground;

a series current path including a second variable resistance
clement, the series current path configured to attenuate
the RF input current to provide an attenuated RF current
having an attenuated current level;

an 1mpedance control module configured to adjust an
impedance of the first and second variable resistance
clements so as to substantially maintain an mnput imped-
ance of the RF input terminal for variations in the attenu-
ated current level;

a current regulating element configured to provide an inter-
mediate RF current having a current level which sub-
stantially tracks the attenuated current level; and

a current to power conversion module configured to con-
vert the intermediate RF current to an RF output signal
having an output power level proportional to the RF
input power level.

17. The amplifier of claim 16, wherein:

the impedance control module 1s further configured to pro-
vide first and second impedance control signals,

the mput impedance 1s a combination of a resistance of the
shunting current path and the series current path,

the second impedance control signal 1s an imput gain con-
trol signal,

the first impedance control signal 1s generated in response
to the 1nput gain control signal, and

a resistance of the first and second variable resistance ele-
ments 1s adjusted 1n response to the mput gain control
signal and the second control signal, respectively such
that the resistance of the series current path compensates

20

for changes 1n the resistance of the shunting current path
to maintain the input impedance for varniations in the
resistance of the shunting current path.

18. The amplifier of claim 17, wherein the impedance

> control module comprises:
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a comparator having a {irst mnput, a second 1mnput, and an
output;

a first current path including a third variable resistance
clement coupled between the second input and a ground
forming a feedback path between the output and the
second 1nput;

a second current path including a fourth vanable resistance
clement coupled between the second mput and the
ground,

a third current path including a resistor determined based
on a predetermined impedance, the third current path
being coupled between the first input and the ground.

19. The amplifier of claim 18, wherein the first, second,

third, and fourth variable resistance elements include first,
second, third, and fourth transistors, respectively, and

wherein the comparator 1s further configured to generate
the first impedance control signal at the output to adjust
an 1impedance of the first transistor to compensate for
changes 1n an impedance of the second transistor such
that an 1impedance at the second put 1s maintained
substantially equal to an impedance at the first input for
variations 1n the impedance of the first transistor, the
impedance at the first mnput being the predetermined
impedance.

20. The amplifier of claim 1, further comprising: an 1imped-

ance control module configured to adjust an impedance of the
first and second variable resistance elements so as to substan-
tially maintain the predetermined mput impedance for varia-
tions of the RF iput current level.
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